Adolescents with perinatal HIV (PHIV) may be at higher risk of anxiety and depression than HIV negative young people. We investigated prevalence of anxiety and depression symptoms in 283 PHIV and 96 HIV-affected (HIV-negative) young people in England recruited into the Adolescents and Adults Living with Perinatal HIV (AALPHI) cohort. We used Hospital Anxiety and Depression Scale (HADS) scores and linear regression investigated predictors of higher (worse) scores.115 (41%) and 29 (30%) PHIV and HIV-affected young people were male, median age was 16 [interquartile range 15,18] and 16 [14,18] years and 241 (85%) and 71 (74%) were black African, respectively. There were no differences in anxiety and depression scores between PHIV and HIV-affected participants. Predictors of higher anxiety scores were a higher number of carers in childhood, speaking a language other than English at home, lower self-esteem, ever thinking life was not worth living and lower social functioning. Predictors of higher depression scores were male sex, death of one/both parents, school exclusion, lower self-esteem and lower social functioning. In conclusion, HIV status was not associated with anxiety or depression scores, but findings highlight the need to identify and support young people at higher risk of anxiety and depression.
Introduction
Developmental and etiological models of anxiety suggest exposure to uncontrollable life events in early life may lead individuals to perceive events as out of their control. This can lead to a vulnerability for anxiety and possible subsequent depression (Chorpita & Barlow, 1998) . Young people with perinatal HIV (PHIV) may be at increased risk of anxiety and depression compared to other adolescents (Gadow et al., 2010 (Gadow et al., , 2012 Malee et al., 2011; Mellins et al., 2012; Mellins & Malee, 2013) because of a complex mix of psycho-social issues and biomedical factors that are associated with chronic illness. Additionally, there may be a greater number of uncontrollable adverse factors which may affect mental health in this group. Having an understanding of the prevalence and risk factors for anxiety and depression among young people with PHIV, and comparison to HIV-affected young people can help ensure that appropriate support can be provided.
In the UK, 50% of a sample of 3258 adults with HIV had anxiety and depression, compared to around a quarter in a study of 8503 adults from the general population (Miners et al., 2014) . However studies in children and adolescents with HIV in Europe have been limited by small sample sizes and a lack of general population or HIV-affected comparison groups (Bomba et al., 2010; Funck-Brentano et al., 2016) . Several large sub-Saharan African studies have investigated mental health problems in HIV+ young people (known or assumed to be PHIV) (Dow et al., 2016; Kim et al., 2015; Mutumba et al., 2017; Woollett, Cluver, Bandeira, & Brahmbhatt, 2017) . In a South African multi-clinic study of 343 young people 27% had symptoms of anxiety, depression or post-traumatic syndrome (PTSD) (Woollett et al., 2017) . In Tanzania 12% of 182 adolescents in a single clinic had depressive symptoms, 10% emotional and behavioural symptoms and 14% PTSD (Dow et al., 2016) . Similarly in a large multi-clinic study in Malawi including 562 young people 19% had depressive symptomology (Kim et al., 2015) . The majority of studies with an HIV-affected comparator are from the USA. Perhaps surprisingly, most recent USA based studies found no evidence of greater mental health problems in PHIV compared to HIV-affected (perinatally HIV exposed or HIV affected), young people, but higher prevalence in both PHIV and HIV-affected groups compared to the general population (Gadow et al., 2010 (Gadow et al., , 2012 Malee et al., 2011; Mellins et al., 2012) . These findings highlight the importance of including appropriate control groups in interpreting study findings (Elkington et al., 2011; Vreeman, McCoy, & Lee, 2017) .
We investigated the prevalence of symptoms of anxiety and depression and explored associations with a wide range of psychosocial factors, in older adolescents with and without PHIV in England. This is the first moderately sized study with a comparator group to investigate this issue in England or Europe.
Methods
The Adolescents and Adults Living with Perinatal HIV (AALPHI) cohort is a prospective study evaluating the impact of HIV and antiretroviral (ART) exposure on young people with PHIV and HIV negative young people affected by HIV. Detailed methods have been reported elsewhere (Judd et al., 2016) . Participants were enrolled between 2013 and 2015 from HIV clinics and community services in England and underwent a two-hour face-to-face interview, including computerassisted survey interviewing for sensitive questions, after giving informed consent. Ethical approval was obtained from Leicester Research Ethics Committee. PHIV participants were aged 13-21 years. HIVaffected young people were: aged 13-23 years; HIV negative on a point-of-care test at interview; living in the same household as a PHIV participant in AALPHI, or had a sibling, friend or partner who was a PHIV participant in AALPHI, or had an HIV positive parent; and awareness of HIV in the family (where appropriate). HIV-affected participants born to mothers with HIV may have been exposed to HIV and/or ART in utero but it was not possible to confirm in which participants this was the case. All participants had lived in the UK for ≥6 months and could speak and understand English.
Anxiety and depression scores were measured using the Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983) . Scores range from 0 to 21, with higher scores indicating more severe anxiety or depression. Scores were categorised using standard definitions as normal (<7), mild (8-10), moderate (11-15) or severe (>15) (Zigmond & Snaith, 1983 ). Self-esteem was measured using the Rosenberg self-esteem scale (scores range from 0 to 30: higher scores indicate better selfesteem) (Rosenberg, 1965) . Normative data sources for HADS and self-esteem are detailed in Supplementary  Table 1 . A residential deprivation score measured deprivation (Income Deprivation Affecting Children Index (IDACI), ranging from 0 to 1; higher score indicates more severe deprivation) (Department for Communities and Local Government, 2011). Social support was measured using the Social Functioning score from the Pediatric Quality of Life Inventory (PedsQL) (Teenage report for 13-18 and Young Adult report for 18-25 years); scores range from 0 to 100 and a higher score indicates better social functioning (Varni, 2012) .
A cognitive composite of executive functions (neuropsychological scores (NPZ score)) was calculated using manufacturer normative data for six domains (executive function; speed of information processing; attention/working memory, learning and memory and fine motor skills) and the mean across these domains was calculated (NPZ-6) (further details of the individual cognitive test are available in Judd et al., 2016) .
For the PHIV group only the effect of the following HIV-related health factors on anxiety and depression scores were considered: age diagnosed with HIV, age starting ART and current ART status, current efavirenz (EFV) use (due to potential association with depression), nadir and most recent CD4 cell count, most recent viral load ≤50 copies/mL vs. >50 copies/ mL, median cumulative years with viral load <400 copies/mL, HIV disclosure factors (age told HIV status and ever told anyone HIV status) and current feeling about HIV status.
Statistical analysis
Data were analysed using STATA version 13 (Stata Corp, College Station, Texas, USA).
Descriptive statistics (χ 2 , Mann-Whitney Wilcoxon Test) summarised sociodemographic and HADS data by HIV status.
Linear regression and Wald p-values assessed potential associations between variables and anxiety/ depression scores. Variables which attained p < 0.15 in univariable analyses were considered for inclusion in multivariable analyses using backwards selection. All multivariable models included HIV status as well as a priori factors associated with anxiety and depression scores (sex, age, ethnicity, born abroad). A two-tailed p value of <0.05 was considered statistically significant. Other variables considered in the analysis were selected on the basis of the literature and are listed in Table 1. A model for young people with PHIV only additionally considered the effect of HIV-related health factors on anxiety and depression scores (Table 5) .
Three sensitivity analyses were conducted. Firstly, for young people with PHIV only, we included all variables which were significant in the overall models as well as the HIV-related variables, to check that loss of power from the reduced sample size was not affecting model outcomes. Secondly, due to the potential for mental health variables to be outcomes of anxiety and depression rather than antecedents, sensitivity analyses excluded these variables from the models. Thirdly, we restricted the models to ≥16 years only to investigate any potential effect of using HADS, WAIS-IV and Color Trails 1 and 2 scales for those aged <16 years of age.
Results
A total of 283 PHIV and 96 HIV-affected participants completed HADS. Of the 96 HIV-affected young people, 46 (48%) had a mother with HIV, 38 (40%) were siblings of young people with PHIV in the study, 8 (8%) had PHIV siblings who were not in the study, and 4 (4%) had a close friend who was a young person with PHIV. Sociodemographic characteristics of the two groups were generally similar (Table 1) . Two-thirds were female, median age overall was 16 years, most were black African and born outside of the UK. For around a quarter (24%) of HIV-affected young people, one or both parents had died, compared to 37% for the PHIV group. Mean scores for self-esteem were similar across both groups, 12% of PHIV and 19% of HIV-affected participants have ever self-harmed, and 39% in both groups reported ever feeling life was not worth living. Similar proportions reported having ever smoked and used alcohol, while the proportion ever using recreational drugs was 15% in PHIV and 29% in HIV-affected participants (p = 0.003).
For the PHIV group, median age at first presentation to care in the UK was 4 years [interquartile range (IQR) 0,8] ( Table 2) . Median nadir CD4 was 226 c/mm 3 [128, 367] and CD4 at interview 599 c/mm 3 [407, 782] . Around three-quarters of those on ART (74%) had never had a CDC C event and 87% were on ART at interview. Around three-quarters (74%, 177/238) had a viral load ≤50 c/mL at interview, median age at start of ART was 7 years [3, 11] and median cumulative number of years with a suppressed viral load (<400 c/mL) was 6 years [3, 9] . Figure 1 presents anxiety and depression scores by HIV status. Around two-thirds (60% PHIV vs 69% HIV-affected, p = 0.145) scored in the "normal" range for anxiety, and similarly around four-fifths (84% vs 83% respectively, p = 0.795) for depression. Only four PHIV and two HIV-affected participants had a "severe" score for anxiety and none for depression.
Raw and z-score adjusted anxiety and depression mean scores did not differ between PHIV and HIVaffected participants (all p values ≥0.1; Table 3 ) and were very close to the UK population means. For selfesteem, similarly, there were no differences in raw and z-scores between PHIV and HIV-affected participants (both p values > 0.8), although mean z-scores for both groups were nearly two standard deviations lower than the population means. In a multivariable model for anxiety, there was no evidence for young people with PHIV having greater anxiety scores than HIV-affected young people (multivariable coefficient 0.14, 95%CI −0.03, 0.31; Table 4 ). Speaking a language other than English at home (0.48, 95%CI 0.01, 0.95), having a higher number of main carers (0.06, 95%CI 0.02,0.10), having ever thought life was not worth living (0.26, 95%CI 0.09,0.43) lower self-esteem scores (−1.27, 95%CI −1.60,−0.95, 001 per 5 unit increase) and lower social functioning scores (−0.22, 95%CI −0.35,−0.08 per 25 unit increase) were associated with an increased number of anxiety scores.
For depression, there were no differences in scores between PHIV and HIV-affected participants (multivariable coefficient 0.08, 95%CI −0.10, 0.25). Being male (female −0.29, 95%CI −0.45,−0.13), death of one or both parents (0.23, 95%CI 0.07, 0.39), ever being excluded from school (0.27, 95%CI 0.07, 0.47), lower self-esteem scores (−1.52, 95%CI −1.83,−1.20 per 5 unit increase) and lower social functioning scores (−0.14, 95%CI −0.27,−0.01 per 25 unit increase) were associated with a higher number of depression scores. Figure 1 . Anxiety and depression symptom raw scores by HIV status. In a model including young people with PHIV only, factors associated with increased anxiety scores were similar to the overall model, except that speaking a language other than English was no longer significant either univariably or multivariably (Table 5 ). Ever having been excluded from school and social functioning were no longer associated with higher depression scores, whilst feeling less supported in relation to one's HIV status was associated with higher depression scores (multivariable coefficient −0.04, 95%CI −0.06,−0.01), whilst other coefficients changed minimally.
In the first and third sensitivity analyses, findings were very similar (data not shown). In the second sensitivity analysis, final multivariable model variables were the same except that for anxiety the effect of sex became significant (multivariable coefficient 0.21, 95%CI 0.04, 0.39), whilst for depression, it was no longer significant (−0.01, 95%CI −0.19, 0.17).
Discussion
In our study of 283 PHIV and 96 HIV-affected young people, with median age 16 years, overall anxiety and depression scores were similar between the two groups, both before and after adjustment for other variables. In total 40% of PHIV and 31% of HIV-affected participants scored mild to severe for anxiety and 16% and 17% mild to moderate for depression. These results are similar to other recent studies finding no evidence of a difference in prevalence of mental health problems by HIV status, (Elkington et al., 2011; Gadow et al., 2012; Mellins et al., 2012; Mutumba et al., 2016) and suggest that contextual factors rather than HIV itself may have an important role (Mellins & Malee, 2013) . Another explanation for the lack of difference by HIV status is that anxiety and depression in young people with PHIV may be lessened through regular contact with health services and mental health support (Gadow et al., 2012) .
Prevalence of mental health problems in young people with PHIV varies across different populations in the literature (Chernoff, Nachman, & Williams, 2009; Gadow et al., 2012; Malee et al., 2011; Mellins et al., 2009; Mutumba et al., 2016) . This may be due to different mental health problems being assessed, with differing definitions, and different healthcare settings and contextual factors. In our study prevalence of mental health problems was similar to normative data, but two large USA cohorts found higher prevalence in young people with PHIV than young people in the general population (Gadow et al., 2012; Mutumba et al., 2016) . Both of these studies used assessment tools which investigated a wider range of psychiatric symptoms over more than one time period, which may contribute to higher prevalence compared to our study. In contrast, a third large crosssectional study from the USA found higher prevalence of mental health problems in the HIV-affected group compared to PHIV group at assessment (38% vs 25%, p < 0.01), using behavioural and emotional symptom checklists, rather than psychiatric assessments in the other studies.
Socio-demographic differences between the studies also complicate the picture. In the USA many families studied had a history of psychiatric disorders and substance-abuse, (Elkington et al., 2011; Malee et al., 2011) whilst in the UK, most young people with PHIV were born in sub-Saharan Africa, have migrated to the UK (Bamford & Lyall, 2015) and there is no published evidence of drug misuse in this group. These distinct experiences may impact differently on the risk of anxiety and depression.
Although young people with PHIV in our study appear not to be at increased risk of anxiety or depression symptoms compared to normative data, 40% scored at least mild symptoms of anxiety and similarly, 15% scored at least mild symptoms of depression. While it is reassuring that many young people with PHIV appear to be coping well, mental health problems in young people with PHIV may have an even more profound effect than in other youth due to the wider health implications associated with HIV. Mental health problems in young people with PHIV have been associated with reduced adherence (Mutumba et al., 2016; Hudelson & Cluver, 2015) and retention in care (Lowenthal et al., 2014) and increased sexual risk behaviours, (Kapetanovic et al., 2011; Mellins et al., 2011) , highlighting the need to identify young people at increased risk and providing the right support at the right time. Also of concern, although levels of self-esteem were similar in the PHIV and HIV-affected groups, they were nearly two standard deviations lower than normative data, and self-esteem was associated with both anxiety and depression in multivariable models. Self-esteem may better reflect the long-term effects of cumulative adverse factors to which these young people have been exposed, than anxiety and depression.
A strength of our study was its ability to explore associations between anxiety and depression scores and a wide range of psychosocial factors in addition to HIV status. In our analysis being male, having an increased number of main carers during childhood, speaking a language other than English at home, death of one or both parents, ever having felt that life was not worth living, lower self-esteem, worse social functioning and ever having been excluded from school, were all related to either higher anxiety and/ or depression scores. Some other studies have found higher depression and anxiety in females compared to males, (Breeman, Cotton, Fielding, & Jones, 2015; Mellins & Malee, 2013; Mellins et al., 2012; Mutumba et al., 2016; Paus, Keshavan, & Giedd, 2008) whilst others have not (Lewis, Abramowitz, Koenig, Chandwani, & Orban, 2015; Malee et al., 2011) . Findings from studies of fostering suggest that multiple placements are associated with later mental health problems, in keeping with a higher number of main carers being associated with increased anxiety in our study (Newton, Litrownik, & Landsverk, 2000; Rubin et al., 2004) . Speaking a language other than English at home may reflect uncertain residency or negative effects of immigration. The number of young people who had experienced a close bereavement was high in this study and may be further complicated in the context of having HIV in the family (Battles & Wiener, 2002) . The combination of higher anxiety scores and ever feeling life is not worth living is certainly a concern because of the link between unrecognised or untreated mental health problems and co-morbidities and suicide Thapar, Collishaw, Pine, & Thapar, 2012) . Studies have found that young people with PHIV are concerned about disclosing their status to their peers which can lead to feelings of isolation, (Battles & Wiener, 2002; Mutumba et al., 2015) and better social support has been found to improve psychological outcomes. One large study found that young people who were excluded from school had often experienced social disadvantage including bereavements, and felt depressed and lonely following educational exclusion (Berridge, Brodie, Pitts, Porteous, & Tarling, 2001) .
Our study has a number of limitations. Firstly we only investigated anxiety and depression rather than a wider range of psychiatric symptoms or mental health problems, as we were constrained by interview length, which needed to be acceptable to young people. Our analysis was cross-sectional, and there is a possibility that symptoms of anxiety and depression contributed to other mental health variables (e.g., self-esteem, selfharm), rather than were outcomes, although our sensitivity analysis had similar results. Selection of an appropriate tool to measure mental health was challenging given the time constraints and that most tools are designed either for children or adults. HADS is used widely in the UK across chronic health conditions and has some normative data in young adults. However HADS is not a diagnostic tool as it dichotomises anxiety and depression as two unrelated problems, and so is more an indicator of psychological distress (Cosco, Doyle, Ward, & McGee, 2012) which would require confirmatory psychological assessment for a formal diagnosis. Finally age-appropriate normative data were not always available resulting in the downward extrapolation of measures for use with younger ages; however, the AALPHI cohort had its own control group of HIVaffected young people, which formed the primary comparison group.
In conclusion, we found no difference in the prevalence of increased anxiety and depression scores between PHIV and HIV-affected young people, and levels were similar to UK normative data. However, for both PHIV and HIV-affected young people levels of selfesteem were significantly lower than population norms. Key factors found to be associated with a greater anxiety and depression scores included lower self-esteem, lower social functioning, being male and having ever thought life was not worth living. Our findings underscore the need for young people with PHIV to be regularly screened for mental health problems. Where routine screening for anxiety and depression is not possible, these key factors may be useful for clinical staff to help identify a potentially more vulnerable sub-population to monitor and prioritise for assessment.
